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SiC in Sweden 
The last few years have seen a large co-ordinated research effort within the 
field of silicon carbide (SIC) in Sweden. The effort involves companies of 
different sizes, universities and governmental research funding agencies. 
Among the results that have come out of the programme, one could 
mention a 4.5 kV rectifier with excellent properties in forward and 
reverse direction. 
S iC has high electrical break- 
down field, reasonable electron 
mobility, high thermal conduc- 
tivity, large bandgap, high saturated 
electron velocity, mechanical hard- 
enss and radiation hardness. The 
values for these parameters have 
indicated that SiC is an excellent 
material for various high-tempera- 
ture, high,fi'equency or high-power 
device applications. The term "high 
power" has different significance 
depending on whether the applica- 
tion utilises high or low frequency. 
The high-frequency applications are 
mainly found in military systems 
where the generation and handling 
of a few tens of watts in the GHz 
regime are desired. 
The other types of power devices 
involve lower frequencies, but radi- 
cally larger voltages and power. A 
fundamental device, such as a recti- 
fier, should be able to withstand 
several kilovolts in blocking mode, 
while conducting thousands of amps 
in conducting mode. Some products 
where components with these capabil- 
ities are of use are industrial motor 
drives and power supplies, railbound 
vehicles, systems for reactive power 
compensation and high voltage DC 
transmission. 
This latter list of potential applica- 
tions for SiC components is the 
explanation for why there is such an 
interest in this material in Sweden. 
ABB is an international e ectrotechni- 
cal company with an important part 
of its operations in Sweden. As one of 
the world's largest manufacturers of 
such power electronics products, ABB 
is a major user of power semiconduc- 
tors. The company has in-house 
production of power semiconduc- 
tors, mainly high power and high 
voltage devices. 
The CVD equipment./'or SiC growth used at IMC. 
Today power semiconductors are 
made from silicon, and there is a 
plethora of problems that have to be 
solved before SiC can supplant the 
established silicon, even though fun- 
damental material parameters favour 
the new material. The available SiC 
substrate material is expensive, only 
available as wafers with small dia- 
meter and always marred by pinhole 
defects. These defects consist of holes 
with diameters of a few micrometres 
and typically occur with densities 
between 100 and 1000 micropipes 
per square centimetre. When an 
epitaxial layer is deposited on a 
substrate, the micropipes usually 
propagate all the way to the surface. 
Since power devices will requires 
defect-free areas with size of square 
centimetres, this defect is indeed a 
limiting factor. 
A 5 kV SiC power device such as a 
MOSFET will require a base layer 
with a doping level down to the 
1015 cm -3 range and a thickness of 
up to 25 micrometres. In bipolar 
devices high mobilities and minority 
carrier lifetimes in the microsecond 
range will be required to minimise 
power loss due to a high forward 
voltage drop. Parameters such as 
these are almost achieved in the 
laboratory using CVD, but it will be 
a formidable task to take these 
processes into production lines with 
high throughput. 
The fundamental material para- 
meters of SiC do not show the full 
isotropy encountered in more estab- 
lished semiconductor materials such 
as silicon and gallium arsenide. This 
makes device simulation a more 
challenging task, and an important 
area for theoretical investigations. 
With ABB as the major driving 
force, several parties in Sweden and 
Finland decided to make a joint effort 
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to solve these problems. The organi- 
sations involved include companies 
such as ABB, Outokumpu Semitro- 
nic, Okmetic, IMC, Swedish Space 
Corporation and Epigress as well as 
universities with Link6ping Univer- 
sity as the major player and govern- 
menta l  research  fund ing  
organisat ions such as NUTEK,  
NFR and TFR. 
Okmetic, a manufacturer of silicon 
substrates, and Outokumpu Semitro- 
nic both belong to the Outokumpu 
group, a Finland-based international 
conglomerate with activities in metal- 
lurgy and other materials and a turn- 
over in the range of 3 billion USD. 
The ambition of the Outokumpu 
Semitronic/Okmetic constellation is 
to be one of the leading suppliers of 
SiC substrates within the next few 
years. The general infrastructure for 
substrate manufacture, processing 
and marketing is available within the 
group and specific SiC R&D is 
performed together with Link6ping 
University and major potential sub- 
strate customers. 
IMC is a contract research organi- 
sation with activities in several areas 
associated with semiconductors, with 
SiC being one of the major parts. The 
laboratory includes a 1000 square 
metre clean room with process equip- 
ment for SiC CVD (see picture), RIE, 
CAIBE, evaporat ion,  sputtering, 
PECVD, oxidation, etc. General 
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Analysis of SiC layers at IMC. 
equipment for characterisation such 
as XRD, spreading resistance, Hall 
measurement, C/V. DLTS, SEM and 
PL are available, as well as more 
specific SiC-related equipment such as 
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a set-up for measuring I-V character- 
istics at voltages up to 10 kV and 
temperatures up to 350cC in an SF(, 
atmosphere (see picture). IMC also 
performs drift/diffusion simulations 
using FEM with the necessary non- 
isotropic treatment of the mobility 
and critical field strength. Some of the 
research is performed in co-operation 
with Link6ping University, and ABB 
is a major customer. 
The Swedish Space Corporation 
performs, in co-operation with Lin- 
k6ping University and Epigress, 
R&D concerning convection-free 
LPE growth of SiC under micrograv- 
ity in space. 
Epigress develops and manufac- 
tures equipment for bulk growth of 
SiC using sublimation, as well as SiC 
epitaxy using CVD and LPE. The 
major partner fl~r the company's 
R&D Link6ping University, where 
reactors for these processes are tested 
and evaluated. 
As seen above, all the actors co- 
operate with the Link6ping Univer- 
sity group headed by Professor Erik 
Janz~n. Initiated by ABB's interest, 
this group was the first out in Sweden 
to study SiC for power device appli- 
cations. The laboratory has equip- 
ment for crysta l  
growth and epitaxy 
using sublimation, 
CVD and LPE as 
well as for charac- 
terisation using elec- 
t r i ca l ,  opt i ca l ,  
structural and reso- 
nance techniques. 
Using a unique 
hot-wall design for 
their CVD-reactor, 
the  L ink6p ing  
group has been able 
to grow material  
c losely match ing  
the specif icat ions 
needed for power 
devices. First prior- 
ity has been to grow 
pure material with 
low carrier concen- 
tration, high mobi- 
l i ty  and  long  
minority carrier life- 
time. This effort has 
met success using 
the hot-wall CVD 
reactor, and 6H SiC 
material with carrier 
concentration below 
1.10 ]5 cm -3 is routi- 
nely grown with un- 
noticeable concen- 
t ra t ions  o f  
compensat ing ac- 
ceptors. Minor i ty  
carrier lifetime, as 
determined by 
photoluminescence 
decay, of 0.45 ~s 
has been obtained 
on n-type 6H-SiC 
material. Electron 
mobility, as mea- 
sured with Optically 
Detected Cyclotron 
Resonance (ODCR) spectroscopy, 
was 2.6.105cm2/Vs in the plane nor- 
mal to the c-axis at 6 K. For details, 
see the first two references. 
These parameters are impressive in 
themselves, but the proof in the 
pudding is to make power devices. 
As a demonstrator f the feasibility of 
SiC power components ,  it was 
decided by ABB, IMC and Link6p- 
ing University to manufacture a 
rectifier. The epitaxial structure was 
grown at Link6ping University using 
CVD and consisted of low-doped 
45 p_m thick n active base layer and 
Dr Lennart Ramberg, leader of the SiC project at IMC, measures I/V characteristics 
of a 4.5 kV rectifier under SF~ atmosphere. 
1.5 gm thick high-doped p emitter 
layer. Mesa-shaped structures with a 
diameter of 160 /am were etched in 
the epi-layer using reactive ion etch- 
ing. The etch depth was approxi- 
mately 2 gm so that the p layer was 
cleared by a few tenths of a micron. 
The blocking voltage performance of 
the produced mesa diodes was inves- 
tigated in an atmosphere of SF6 to 
prevent sparking due to surface 
ionisation of the air (see picture). As 
can be seen in the I/V curve obtained 
at room temperature, a 4.5 kV block- 
ing voltage was observed. At 4.5 kV a 
catastrophic failure at the 
periphery was observed. 
In the conducting mode 
the forward voltage drop 
was 6 V at 100 A/cmL 
This device displays high- 
est breakdown voltage 
measured in a wide band- 
gap material, while still 
showing reasonable for- 
ward 'voltage properties. 
For details, see the last 
reference. 
This rectifier is an im- 
portant demonstrator to 
show that using SiC may 
be a viable way to useful 
power devices. Further 
development is required 
to take these laboratory 
results closer to produc- 
tion. The most prominent 
limiting factors for the 
moment are the lack of 
large, cheap and defect- 
free substrates and CVD 
reactors with true produc- 
tion capabilities concern- 
ing throughput while not 
compromising layer qual- 
ity. By pin-pointing these 
two tasks and adding the 
development of switching 
devices, one has identified 
some of the major areas 
for future R&D of ABB, 
Epigress, IMC, Link6ping 
and Outokumpu Semitro- 
nic/Okmetic. 
Contact: Jan-Olov Fornell, 
Epigress A B, 
22370 Lund, Sweden. 
Tellfax: [46] 46 16898/ 
168980. 
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